We report body weights (BW) and blood and serum analyses for 6 fully mature and 8 not-yet-mature captive plains viscachas before and 3, 6 and 9 months after switching from a low-fi ber, high-energy diet to a high-fi ber, low-energy diet. Initially, body weights, serum glucose, fructosamine and cholesterol levels were above the reference range in the fully mature animals. Furthermore, 4 of these animals had bilateral cataracts. After the diet change, these parameters dropped into the reference range. However, 9 months later, a slightly increased BW became evident again. The fi ndings are consistent with a type II diabetes mellitus and underline the importance of dietary prevention. 
Introduction
The plains viscacha (Lagostomus maximus) is a social rodent that inhabits the pampas grasslands of Paraguay, Bolivia, and Argentina. Despite its comparatively large size (for a rodent) and its attractive fur coloration, it is rarely kept in zoological gardens (ISIS, 2001) . These animals have been kept and bred successfully at Zurich Zoo since 1964 (Rübel et al., 1989) . A comparatively frequent clinical occurrence of bilateral cataracts, glucosuria, and elevations in glucose, cholesterol and fructosamine levels, as well as necropsy fi ndings of fatty livers, led to the suspicion that -like some other rodents (Besselmann and Hatt, 2004) , the plains viscacha might be particularly prone to diet-induced diabetes. However, it was only until blood reference values, in particular for fructosamine, for free-ranging viscachas were established (Wenker et al., 2007) , that an actual clinical diagnosis based on serum chemistry became possible. The purpose of this study was to investigate blood analytes in a group of captive plains viscachas with presumptive diabetes type II from the Zurich Zoo in comparison with the data of free-ranging animals, and to observe levels from repeated blood samples after a diet change. 
Animals, Material and Methods

Animals and husbandry
Fourteen plains viscachas were available for this study. The animals were classifi ed into mature individuals (older than 1 year of age, exact birth data and age were not available) and not-yet-matured individuals (up to 1 year of age). The mature viscachas comprised 4 males and 2 females (total 6), the not-yet-matured viscachas comprised 2 animals that had just reached maturity (male and female), 2 subadult females, and 4 juveniles (male and 3 females). They were weighed and bled four times: before the diet change (0), and 3, 6 and 9 months after. The viscachas were housed indoors at two different loca- Table 1 : Body weights of the viscachas (Lagostomus maximus) used in this study before (0) and 3, 6, and 9 months after the diet change.
different superscripts within a row indicate signifi cant differences between the time periods; for all time periods, the difference between the two groups (animals 1-6 vs. animals 7-14) was signifi cant * reference body weights for free ranging viscachas from Wenker et al. (2007) are, for males 4600 (range 2900-6600) g and for females 3100 (range 1800-4200) g Red and white blood cell count of captive plains viscachas (Lagostomus maximus) as compared to the reference range established for free-ranging individuals before (0) and 3, 6, and 9 months after the diet change.
different small superscripts (abc) within a row indicate signifi cant differences between the time periods in a group; different captial superscripts (AB) indicate signifi cant differences between the two groups tions, with the 6 adults in one and all the other animals in the other group. The animals were kept in indoor enclosures of 23.9 m 2 and 20.1 m 2 for the mature and the other animals, respectively. Enclosures had a concrete fl oor covered with gravel and sand, and were furnished with artifi cial rocks containing artifi cial burrows as well as artifi cial hollow logs, offering the animals a variety of opportunities to hide, climb, and dig.
Feeding
Study animals were fed as a group, not individually. Drinking water was available at all times. The diets used were recorded and analyzed for proximate nutrients (Naumann and Bassler, 1988) in the course of a dissertation project (Besselmann, 2005) . The original diet consisted of apples, carrots, bread, a commercial mineral/vitamin supplement (Multiforsa M21, Multiforsa AG, 6312 Steinhausen, Switzerland), and rye grass hay and local browse branches ad libitum; however, the apples, carrots and bread alone were provided in amounts theoretically large enough to meet the animals' estimated energy requirements without any additional hay intake. This ration, the intake of which was not actually determined, contained, calculated without intake of additional hay or branches, in dry matter: 9.0% crude protein, 5.2% crude fi ber, 1.0% ether extracts, 3.9% crude ash and 80.8% nitrogen-free extracts. After the diet change, the diet consisted of a 1:1 rye grass hay and straw mixture, a mineral/vitamin supplement (Multiforsa M21, Multiforsa AG, 6312 Steinhausen, Switzerland) and a pelleted feed based on alpine meadow hay (PRE ALPIN Lepo, Agrobs GmbH, 82541 Degerndorf, Germany). The actual intake of this diet was measured during three days. It contained, in dry matter (DM): 7.5% crude protein, 39.2% crude fi ber, 1.7% ether extracts, 5.6% crude ash and 46.1% nitrogen-free extracts. Using data on nutrient content, data on nutrient digestibility measured in viscachas on a mixed diet from Besselmann (2005) , and the factorial estimation of digestible energy (DE) for rabbits from Kamphues et al. (2004) , DE content of the fi rst ration was estimated at 12.5 MJ/kg DM, and of the second ration at 10.3 MJ/kg DM.
Blood sampling
At each sampling interval, the animals were anaesthetized by mask induction and maintenance with isofl urane in oxygen. They were weighed, and a complete physical and ophthalmologic examination was performed. Blood samples taken from the medial branch of the saphenous vein were subject to complete hematology counts and serum chemistry profi les following the standard procedures outlined in Wenker et al. (2007) for the samples analyzed at the Clinical Laboratory of the University of Zurich in Switzerland.
Statistical analysis
For each group, a repeated measurements-ANOVA, with subsequent Tukey-Kramer post hoc tests, was used to compare the time points. Furthermore, for each time point, a t-test was used to compare the two groups. Statistical analyses were carried out using Instat 3.0 (GraphPad Software Inc.) and SPSS 12.0 (SPSS Inc., Chicago, IL), respectively. The signifi cance level was set to 0.05.
Results
Matured adults were signifi cantly heavier than growing and recently-matured animals, and before the diet change had almost consistently higher body weights than the reference range for free-ranging animals of the same sex (Tab. 1). Whereas the body weights of the two female animals dropped and remained within the reference range after the diet change, the drop in body weight after the diet change was only temporary in the males; the latter all gained weight again between months 6 and 9, again mostly exceeding the reference range for free-ranging animals. By contrast, juveniles, subadults and recently- matured adults gained weight more-or-less consistently throughout the experiment, and were always within the body weight reference range. Opthtalmologic examination revealed that 4 of the 6 adults had bilateral cataracts. The blood cell count for the group of younger animals was within the reference ranges, but the fully matured group had high counts of white blood cells, monocytes, and particularly lymphocytes (Tab. 2). Although there was substantial variation between individuals in this group, most individuals had values well above the reference ranges for these parameters. Whereas the younger group had serum glucose and fructosamine levels consistently within the reference range, the fully matured group had levels above the reference range before the diet change (above reference range for fructosamine for all animals, and for glucose for all but one individual; Tab. 3). These individuals were therefore considered to fall within the diabetic condition range. In this group, glucose values fell within the reference range directly after the diet change, as did the average fructosamine value. For 4 animals of this group, however, the fructosamine value, though decreasing already at 3 months, dropped into the reference range only at 9 months after the diet change. For the younger group, cholesterol levels were always within the reference range, but values for fully matured animals exceeded the reference range before the diet change. In the latter case, cholesterol only fell within the reference range 6 months after the diet change.
Blood urea nitrogen values for most individuals were below the reference range throughout the study. The same was observed for total protein levels for the younger group. In both groups, amylase levels, which were actually below the reference range in the younger group before the diet change, increased after the diet change to a level similar to the mean measured in free-ranging animals. Glutamate dehydrogenase (GLDH) was within the reference range in the fully mature group, but lower in the younger group. In both groups, GLDH levels increased above the reference range after the diet change, only dropping back within the referene range 9 months after the diet change. In the younger group, aspartate-aminotransferase (ASAT) and alanine-aminotransfersase (ALAT) decreased over time.
Lactate dehydrogenase (LDH) decreased in both groups over time.
Discussion
The viscachas of this study were separated into two groups, distinguishing animals that were still growing or had just completed their growth from animals that had been on the original diet not only during growth but also during their adult life. In contrast to growing animals, fully matured animals had body weights and serum glucose, fructosamine and cholesterol levels above the reference range, and 4 out of 6 had bilateral cataracts. The fi ndings are consistent with type II diabetes mellitus (T2DM). Table 3 : Serum biochemistry in captive plains viscachas (Lagostomus maximus) as compared to the reference range established for free-ranging individuals before (0) and 3, 6, and 9 months after the diet change.
different small superscripts (abc) within a row indicate signifi cant differences between the time periods in a group; different captial superscripts (AB) indicate signifi cant differences between the two groups Changes in body weight, hematology and serum chemistry in viscachas Given reports on diabetes susceptibility in other rodents, including cataract development (Schmidt-Nielsen et al., 1964; Weir, 1974; Shafi r and Adler, 1983; Barnett et al., 1994; Kalman et al., 1996; Krugner-Higby et al., 2000) support this hypothesis. As serum glucose values alone are diffi cult to interpret (possible increase due to the handling stress is likely in wild animals), fructosamine proved to be particularly useful as a reliable long-term indicator for hyperglycemia, refl ecting glycemic control during the preceding 2-3 weeks as reported in dogs and cats (Reusch et al., 1993) . The fact that parameters associated with T2DM or prolonged hyperglycemia, including body weight, serum glucose, fructosamine and cholesterol, decreased after the diet change is in accord with similar dietary intervention studies in other rodents (Barnett et al., 1994; Bar-On et al., 1999; Walder et al., 2002) . In the group of growing animals such elevated parameters were not found. Based on these four parameters alone, one would suggest that the condition only develops if growth reaches completion and surplus energy is directed towards adipose tissue stores only. However, a closer look at other parameters measured in this study, as explained further down below, suggests that an incipient diabetic state did potentially characterize the juvenile animals on the old diet as well. In human cases with diabetes mellitus linked to pancreatic tissue damage, elevated serum amylase levels have been reported (Abou-Seif and Youssef, 2004) . On the other hand, decreased amylase values have been reported in diabetic humans (Foo et al., 1980; Aughsteen et al., 2005) , rats (Mori et al., 2003) and guinea pigs (Balk et al., 1975) and in particular, reduced pancreatic amylase secretion was noted in human juvenile-onset diabetes mellitus (Frier et al., 1976) . Therefore, the below-reference range serum amylase activities measured also in our juvenile viscachas could be considered an indication that a diabetic condition was already beginning to manifest itself. Activities of the hepatic enzymes AST and ALT in juveniles also decreased after the diet change, a trend that has been reported to occur in insulin-treated experimental diabetic rats (Mori et al., 2003) . Additionally, LDH in both juvenile and adult viscachas showed a similar trend (Tab. 3) to that usually reported for experimetal rats, i.e. to increase in diabetic specimens and decrease with antidiabetic treatment (Stanely et al., 2000; Narendhirakannan et al., 2006) . In sum, it seems likely that even juvenile viscachas kept on the old diet were in the initial metabolic stages of T2DM. Based on fi ndings of the fi rst clinical examinations and blood samples, the diet change resulted in a body weight decrease in the fully matured group but did not appear to compromise growth in the younger group. Concomitant with the drop in serum parameters already discussed, body weight changes could indicate that such a low-energy diet is adequate even for growth in this species, and presents a possible prophylactic measure in these animals. The fact that body weights of the fully matured animals had increased again 9 months after the diet change might indicate that even such a diet should be provided in more restricted amounts, or that components with a higher digestibility should be further reduced. We recommend strictly limited diets for successful long-term control of the reported problem in this species. Blood urea nitrogen values in this study were lower than those measured in free-ranging animals. For free-ranging animals, it was speculated that capture and handling of the animals, including a potential dehydration, might have led to an increase of BUN levels (Wenker et al., 2007) , but differences in dietary protein between captive and free-ranging animals or even renal damage as a consequence of diabetic conditions, could also be implicated. After the diet change, which also represented a decrease in dietary protein concentration, the BUN of both captive viscacha groups dropped temporarily and then increased again. This either refl ects a change in the protein content of the roughage used or it could present an adjustment period during which the animals learned to compensate for lower protein levels by increasing total intake. In other rodents, it has been shown that the gastrointestinal tract does adapt to diets of lower nutritional quality within several months, in particular by increasing in both length and volume (Karasov and McWilliams, 2005) . However, there are no reports about the time period that animals habituated to a diet high in energy will actually need to adjust to a new diet of lower quality. The development in body weight in the adult animals suggests that such an adaptation might actually occur only much later than would be expected in free-ranging animals that are adapted to seasonal fl uctuations in forage quality. For studies on the dietary fl exibility of a species, in which captive animals (like animals from zoos) are used, these results indicate that fi ndings based on diet changes need to be evaluated over long time periods. Wenker et al. (2007) found that free-ranging viscachas have a predominantly neutrophilic white blood cell count. This contrasts with the lymphocyte-dominated white blood cell count of chinchilla. These authors speculated that this difference might represent a stress response in the form of neutrophil release during capture and handling. The captive viscachas in this study show similar absolute neutrophil counts as the free-ranging animals. Captive animals had distinctively higher total leukocyte, monocyte and lymphocyte counts, a trend especially pronounced in the fully matured animals. While different disease processes not further investigated in this study cannot be ruled out, and might be considered likely due to the high variation in these parameters between individuals, this fi nding is nevertheless striking. This could indicate that animals with a potentially developing or established T2DM are more susceptible to other diseases in general. One other factor might play a minor additional role in the development of potential T2DM in captive plains viscachas, namely the lack of exercise in comparison to freeranging animals. In sand rats, is has been demonstrated that physical exercise has a prophylactic effect against T2DM (Heled et al., 2002) . While exercise opportunities in the form of running wheels are common practice in husbandry of small laboratory or pet rodents (Brown and Donnelly, 2004; Gebhardt-Henrich et al., 2005) , they are hardly ever used in zoological gardens. This might represent a valuable enrichment strategy, the effect and the acceptance of which warrants further investigation. Finally, e.g. in the sand rat, the suceptibility to T2DM has been shown to vary between the genetic lineages within the species (Walder et al., 2000) . Although the small sample set of this study does not allow genetic evaluation, hereditary factors might play a role in the proneness to develop T2DM in viscachas as well.
In conclusion, the results of this study suggest that the diet change at Zurich zoo was an important measure to reduce the diabetogenic state in the captive plains viscacha. However, in particular the incipient relapse in body weight in the adult animals raises the question whether this diet change can actually be considered satisfactory in the long run. This will have to be answered in the future by comparison of medical records and necropsy reports from before and after the diet change. cora adulte durante 3,6, e 9 mesi le quali sono passate da una razione di alimenti povera di fi bre ma ricca di energia ad una ricca di fi bre e povera di energia. Dapprima, negli animali adulti, il peso corporeo e i valori sierologici del glucosio, fruttosamina e colesterolo sono rimasti al di sopra dei limiti di referenza e 4 animali mostravano una cataratta bilaterale. Dopo il cambiamento di regime alimentare e sempre in rapporto ai limiti di referenza, questi parametri diminuirono. Tuttavia nove mesi dopo vi si è notato un leggero aumento del peso corporeo. I risultati che indicano un diabete di tipo II sottolineano l'importanza della prevenzione dietetica.
